Glimpses of unusual climatic conditions such as high summer temperature, heavy rainfall as well as snowfall and low winter temperature were noticed during 2010-2011 in subalpine-timberline (2700 -3600 m) zones of Western Himalaya. Abundant winter injury to the current year (2010) foliage and shoot of Rhododendron arboreum and Quercus semecarpifolia became apparent in winters of 2010-2011. The foliar and bud mortality both increased with elevation beyond 2800 m and maximum along the edges of forest. Rhododendron campanulatum was another species which also got affected throughout the Western Himalaya. Such events were not reported earlier from the region and current observations indicate the high sensitivity of the plant species to the extreme inter-annual climatic variations.
Introduction
Inferences of global warming for changes in extreme climatic events are of major concern for ecosystem functioning and human health [1] . Though, extreme events are rare in occurrence, sometimes have the most impacts on the forest health. Similar to the frequency of occurrence, only limited observational data are available for these extreme events worldwide. The global climate change is predicted to increase level of weather extremes and variability, and high altitude ecosystems are particularly sensitive [2] . The spring time and autumn temperature, duration of growth period, snowfall and melting patterns, and extreme climatic events viz., hailstorms, frost are of particular importance [3] for affecting adaptability of plant species. In many parts of the globe effects on the plant communities due to global warming such as boundary shift in timberlines [4, 5] , advances in phenological patterns [6] [7] [8] , extended growing period [9] , pathogens and insect infestation on forests [10, 11] were more frequent in recent past. Erratic climatic conditions exert a remarkable effect on plant communities and extremeness of an event for particular community depends on its rarity and the deviation from the normal conditions [12] . A drop in air temperature below a critical level leads to the mechanical damage of the species, which affects phenology of a particular species and dependency of other species on it.
Material and Methods

Study Area
The intensive study carried out in Tungnath area of Kedarnath Wildlife Sanctuary (hereafter referred as KWS) between 30˚29' -30˚30'N, 79˚12' -79˚13'E along an elevational gradient from 2800 -3400 m asl (above sea level) in Uttarakhand, Western Himalaya (Figure 1) . The study area falls under the subalpine zone, which gives way to vast alpine meadows beyond the timberline ecotone. The preponderance of Betula utilis and Abies spectabilis on north facing slopes and Quercus semecarpifolia and Rhododendron arboreum on south facing slopes is the characteristic feature of the subalpine forests with some other associated species viz., Acer caesium, Prunus cornuta, Taxus wallichiana and Sorbus foliolosa. The krummholz formation by R. campanulatum dominates the shrub layer. The climate of the region has short dry summer (May-June) period followed by rainy season (July-September) with abundant relative humidity, and long winters having low temperatures with snow covered soil surface for about 3 -4 months [12] .
Method
Since 2007, phenological monitoring of major timberline tree species (B. utilis, Q. semecarpifolia, A. spectabilis, R. arboreum and R. campanulatum) was carried out in KWS, Western Himalaya with special reference to inter-annual climatic variations. The patterns of the leaf emergence and leaf fall were also studied for various species in the region. The observation on foliar damage resulted after a continuous monitoring of the phenological events in these species. The foliar damage was observed intensely in Q. semecarpifolia and R. arboreum across the subalpine-timberline zones. To quantify intensity of foliar damage in these species along the elevational gradient (3000 -3300 m), three sites were selected and in each site 20 individuals of each species were randomly selected. In each individual 5 twigs were randomly selected and total leaves along with damaged leaves were counted to quantify intensity of damage percent. It was observed that the total growing period (>5˚C mean air temperature and initiation of bud swelling to maximum elongation of stem) was longest in 2010 for all the tree species in these three years. The sudden drop in mean air temperature was observed after the prolonged rainy season.
Results and Discussion
The winters of 2010-2011 received more snow with prolonged snow cover (December-April) and melting was later than the previous winters (all three years), so the extended period of snow cover with low air temperature is supposed to be one of the causes of the increased winter desiccation. The patterns of snow cover duration (winter season) at the timberline ecotone (3300 m) was 95, 65, 67 and 112 days, while the total cumulative depth of fresh snowfall was 171, 140, 166 and 358 cm, respectively for last four years (2007-2008 to 2010-2011) . March-April months in year 2010 have comparatively higher temperature than that of last two years [12] and tree species have longer growth period along the subalpine to timberline ecotone due to moisture availability after snowmelt and higher temperature. The delayed monsoon towards the end of growing period in the month of September also extended the growth period.
In climatically favourable years, a longer and warmer growing season could also alter the hardening process of these species. Although, tree species are adapted for the climatic conditions at this elevational zone, extreme climatic events and sharp variation in the inter-annual climatic conditions may lead to change in their resistance and adaptability, as well as strategies during the growth period [1] . The sudden fall in temperature after rainy season may have resulted in the incomplete maturation of the tissues in leaves and shoots, which were affected the most, and consequently death of tissues occurred due to low temperature in winter months.
Quercus semecarpifolia is a dominant species in the region, which forms extensive forests in subalpine and timberline ecotone region and covers ≥34% land area in KWS between 3000 -4000 m [12] . The damage was noticed highest (47%) around timberline zone (3300 m; Figure 2 ) in the form of death of last year's shoot as well as leaves (Figure 3(a) ). Another tree species, Rhododendron arboreum has the widest range of distribution along the altitudinal gradient (1400 -3700 m). The foliar damage was observed initially only in a few individuals in exposed areas (at the forest edges), which was accelerated after December 2010. The damage intensity in R. arboreum ranged between 44% (3000 m) and 68% (3300 m; Figure 2 ) and was the most affected species in the region. It was observed that the exposed individuals along the edges of forest gaps or timberline ecotone were highly affected, as the abaxial surface of leaves was dried and cuticle (25% to 80%) layer was peeled off. The mortality was observed frequently in the isolated individuals around the timberline ecotone (Figure 3(b) ).
At the timberline ecotone region, infolding of leaves of R. campanulatum is a common phenomenon to prevent winter damage, which become functional on the onset of favourable temperature after snowmelt. It is observed that several krummholz [13] patches of R. campanulatum around timberline ecotone and beyond were completely dried out and unable to revive in its normal condition in the year 2011. At the highest elevation of its distribution in the region (3600 m), not a single flowering bud was preceded to flowering stage and all the flower buds were damaged entirely.
In subalpine-timberline ecotone zones, mechanical damage in winters has conventionally been considered to be the result of desiccation stress [13] . The observed conditions indicate that species are more prone for damage due to the extreme events than steady inter-annual variations in the climate. The extreme climatic events tend to be much more important to initiate change in forest ecosystems than average climatic conditions [1, 14, 15] . The evergreen broadleaved species were affected more as compared to deciduous or needle bearing coniferous species. Studies related to the winter damage had prevalence of the coniferous species [13, 16, 17] , whereas in the present observation conifers (Abies and Taxus) were found least affected. Being a broadleaved and evergreen species, Q. semecarpifolia, R. arboreum and R. campanulatum may affect most due to extreme climatic condition and sudden change in the temperature. Though, these events are for a rather short period, they have much impact on the evergreen broadleaved species by reducing their productivity, as the evergreen broadleaved species have greater nutrient extraction efficiency as compared to conifers [18] , will have to compete with conifers as well as deciduous species for the resources in the event of foliar damage. The high altitude fauna (Himalayan monal, Musk deer, Asiatic black bear) are highly dependent on these species in the region, as these species are major source of food and shelter for them and along the timberline ecotone many plant species (Cypripedium spp., Balanophora involucrata, Skimmia anquetilia) survive under their canopies. These extreme events change the phenology of plants, which further affects the synchronized phenology of faunal species too.
The data on snowfall, snow-cover duration and winter temperature is rarely available for the high altitude regions of Western Himalaya and such events on winter damage are never documented. It is most important to track the intensity and frequency of these extreme climatic event to predict impacts of changing climate on the timberline region of high altitude landscape, which is supposed to be more vulnerable to climate change [19] .
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